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3 METHODOLOGY 
3.1 MD simulations methods 
MD simulation is an essential technique to study a variety of molecular properties 
including molecular diffusion. Diffusion process not only can be study in atomic details, 
but also under various thermodynamic conditions that is unreachable by experiments. In 
this study, molecular dynamic simulation will be used to simulate and study the 
intermolecular interactions between the molecules in MEA the absorption process. The 
MD simulation has the ability to enable the insight into the intermolecular interactions 
during the absorption process. 
 To replicate the behaviour of the system closed to the real industry situation, 
speciation of the system needs to be determined accurately. Related component speciation 
will be specified accordingly from the literature review which can be used as the initial 
composition of the system included monoethanolamine (MEA), carbon dioxide (CO2), 
and carbamate ion (Chakraborty, 1988). Figure 3-1 is an example of a MEA molecule 
after speciation. 
 
Figure 3-1: A speciated MEA molecule 
 After the speciation of the system is determined, modelling of the decided species 
will be started using Molecular Dynamic (MD) technique of the specified species for the 
solution. Procedure of this technique involves three main steps. The steps include all 
interaction parameter have to decide through a suitable force field, then geometry 
optimization of the molecule and lastly the calculation of partial charges. Molecular 
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Dynamic (MD) technique was used to investigate the molecular distribution of the system 
inside the absorption solution (Hinchliffe, 2000). 
In order to perform the MD simulation in this study, the simulation box will be 
divided into two different parts. One part will be occupied by liquid phase which 
including the monoethanolamine and another box will fill with gases compound (CO2). 
The two boxes will bring into contact with each other and form a gas-liquid interface to 
allow the absorption process to take place across the interface surface (Belonoshko, 1998). 
Before that, simulation box of pure molecules (pure MEA, pure water, and pure CO2), 
binary system (MEA+CO2, CO2+H2O and MEA+H2O) is created to study the behaviour 
of each molecules before absorption process occur. Figure 3-2 shows the simulation box 
of a pure MEA at 450C. 
 
Figure 3-2: The simulated box construction of pure MEA 
Thermodynamic conditions of the system will be set in the MD simulation of the 
system closed to real absorption process comditions. The thermodynamic conditions 
under NVE (constant number of moles, volume and energy), NPT (constant number of 
moles, pressures and temperature) and NVT (constant number of moles, volume and 
temperature) are assembled up to 5ns. The movement of every molecule will be integrated 
according to the Newton’s Second Law of motion to achieve the equilibrium (Keffer & 
Baig et al., 2005). 
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This study investigated the molecular structure effect on solvent properties such 
as functional group on solvent properties like basicity and amine group during the 
absorption process (Ebenso et al., 1999). The simulation results are interpreted in terms 
of radical distribution function and diffusion coefficient. The MD simulation procedure 
study is summarized in figure 3-3. 
 
Figure 3-3: Summarization of MD simulation procedure 
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Geometry Optimization for the sketched molecules
Construct simulation box and minimization
Equilibrium phase under NVE ensemble
Simulation run under NPT ensemble
Data analysis on simulation trajectory output via rdf
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